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(54) VERNIER-TYPE BRUSHLESS MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the volumetric 
efficiency of a brushless motor used as a driving source 
for equipment 

SOLUTION: The brushless motor is provided with a rotor 
having a magnet body which is alternately magnetized in 
north pole and in south pole in the direction of rotation; 
and a core 3 provided with a plurality of salient poles 5 
which are opposed to the magnet in the radial direction, 
form magnetic circuits, and have coils 4 wound thereon. 
A plurality of small teeth 6 with the pitch substantially 
equivalent to two poles of the magnet are formed on the 
portions of the salient poles opposite the magnet, and 
the rotor is rotationally driven by energizing the coils 
according to the position of the rotor. Thus, the 
volumetric efficiently of the brushless motor is 
significantly enhanced. 
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[0 0 8 2] H5Ui,H>T^ep(dHS*0}fit4-^LTO 
So ^-^O^h^^uW^-TiBJRJi, £1£5rt><b 
A 0 8U03S® 5 «t «5 7lcXiK^ 1 \zm*>1)\ §5i; 

iS^?g« t 4- o T n ^, 7 - 2 « tJ^ < % t<£ I x l > 

[0 0 8 3] :<0iH> > *XK5¥J<;B**ttwiB: 
T, *4^<i*t^J8iJRS-#jg-rst, ±ew-»-co. s 

Ktc * T-fiiT-rs fc*, *«JiEf?iJ 1 otf &Ottft2ft$]E 

[0 0 8 4] L^Li-ift,, -0«a»i*XJS50tt^ 

[0 0S5] S6(i, *H^l w/t-itfi^'/l^ 
^ * - ^ t a*fi7-9 ■> w^t - >0*^B50ft*i 

[0 0 S 6] @6JCi5v»T, ««lli7xAS!50ttffi^* 

(MGOe) t-*s, vt^mr^'>u 
*> f , 4=1*1 0 (MGOe) *a*»*,-e-o±# 

«*v>a*MffcU i*x^;^f|i 5 ( M G0e) W± 

«fflSilTi»*3i*S!«ott»aijR*ft*ti. 6-2. 
0 (T) 8R-e*(), *A»50tt«g*«|fii±L 

[0 0 8 7] «ftB»$il-C^4*Jlrttll60Nd-Fe 
-B^-JiE^7kASI15^<73S^:i7oi.4 : '?g<i4 5-50 
(MGOe) ««KifLTv»4j&*, Sffl^vl^x 

40 ItX-^-r. **±tt, 3ihOH<,»*L**JL**^ 
* 1 0 (MGOe) ^rf^ON d - F e - BSMM6»5* 

[0 0SS] ^»«<7)^'-^tI77->UXt 

»e« k f&T l r v» * * *i , 3 T <r>$mm%%m cm 

[0 0 8 9] SoT, *Ajg5014i&£r6]±1-&c t c 
so *S(:|6)±i-/2 > c: t ^r-# So 
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i o o 9 o ] m 6 icfc^-c, m hirt*. x n iZKxmjso 

ft±x. H ^ff j o (M G O e ) U±TJi, *Httf?U ] 

[0 0 9 1 ) J/;, *%%0| ] 373 <D3?H ] ft 

*fc 0 (=Rlt&*i£/MB 6 Oftli 2 fl-CA.-s&jP, Z<D 

^rmz.%m\i-tz>tf. m 7 U^-t J: n IZ^® 6 oft* 
3mV.±lzffifc-fz,ztiz± 19, *XJg^ott^|6j±(i 

iti/ii l r-s <b r~mm& % [fij±i- 4 d t &x § c 

[0 0 9 2] 4fc, A-^I^HXt-^jfs 
[0 0 9 3] ±gE01 T-ti3TUBt«t;t$|ftftJi6ftT- 

ftSrp, ^TO^ftfti- z , 3?ft 1 ft&£ 19 icgjlfbil 
fc'MB*>ttft* n t Lfc»*K, (ft 1 ) omfgfrffijg. 

j: uKse-r * i t ic«t 19 , is i) ft--? £&nai*m 

s62> t-^PIIC 5 1 # as L , - ? Sr |6J±T- ^ 

[0 0 9 4] ±IET-(i3TJCKlt/j^gftl±6® 
T-&I9, o-3'0«6ftftj±2 0«O4|ft-*^LTV>* 
**, S£ftft**3ftT% BftftJil Oft, £ftft75*9ft 
i&ftftf±3 OS, £ftft**l 2ftT% Kftft(i4 0 

[0 0 9 5] H 8 <2 ^ it <b &7<?i,\,x* 

- ?<vm%.®t&mfr<?>Txs<ir hit (s t# 

[0 0 9 6] II 8 izm-f tat), v>«> 
(*v»JftA<H*U^m(c»»,>) ifft, 9fti£i±12ft 

<r> m ft- o ^- -t>*tem%)mtfi& nx^zmfaiz&t), ;*i :7 

[0 0 9 7] Zixli^ nTUa-f ***|§ILfcJ»-&\ n 
») ^»^**tetlT-#4:^^*!)T-*i9, ?§ftft££<L 

[0 0 9 8] LA'LiA^Ilflil^i^jUT^^^ 
1- Jt 0 . 1-3 SS<OgiT-li, 6 ft £ fcJi 9 i 

#»^7>fffiiir±Jl9, -tefiUCJi, Sfe«ftli6fctfc 

« i 9 ft 4: MX <r> r- *> 4 „ 
[0 0 9 9] S^U, /(-;tSr7vUt-^| 

Stir-So 

[0 1 0 0] H5U*-fJ:}u, /(v^-^uji 
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loioi] «Fi:a|E«jt«-C(i, JSfift^^jfeosft* 
f>2 OftU^ft-fLL/j^tcJ:!), BlR«>JQiftft««< 
* 0 , mi£®ym<n 2 

^0 [0 10 2] filEoT, >><^ ^ H-^UIia^lBtR^* 
S t , KjS £$OKttfM&***M&-CH# L<:/< y ^ 3 

[0103] 4i\ a? „ ^ 3 - [z^mwL^mm-ti, 

20 »ftW, S*<0^i*»H4ifc 2 -6. 5 % (Mi L < 

i±6.5 %) t-^4 c t **B4 l^c mmm-m<osma 
e. 5%X'$>z,t£&mi> mm&'js* < 

-6.5 %<omoa«j&«ma: J g-j-4 - 1 u J; 19 , Jmx 

[0104] itz$<oiz % ±isnifewr-(d, 7XAJK5(± 
R«*fT**»ft«:S;Lfc36», Hi 0 IC/^f J: d /< 

i0 i-* 0 Ell 1 icjjrf J; -5 t=N y < y ^ 3-? 2 

[0 10 5] wOl^tcjkXB^ifl-tli-ictuj: 
10 1 0 61 *3t, Bl 0(C7Ki- < tTi;^ j \ J gS5^^ i 

^0 WML, *s&mm^s^ifi]±T-§4 0 ttz, mi nzm 

-ti- 7 C7X XWE % 3-? ft izm.ib ihtsZ tic J: 19. 

[0 1 0 7] W±*^jfe^!| l it y 3r*f|*lJilC*l9, o 
-H^@i:*^7^-D-?i t -^j|^ fL 

- f tfft® 1 - * « >f > ^ _ D - 5- soffit 6 dT^ t -^ 4 

v^^ y ht3ro*tiaiiiifit*#< 

50 T-^T-^-D-^goMffilifi^^ iSSlL.^ 
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7.5 

[0 10 8] (^4fe^2) 3 )- JU^(i N D-^^t 
J0109] WT^JSPS 2 *<b 7 X*ti, ±feHiijf!| 1 *C 

l t > < - .=. -v s 7* 7 •> v t. - ? t- m m t & z> 3 * > 

[0 1 1 0] Hi 3 li**tt«20r?'/l/^t-?o 

7ic xms i t- l oa t- * -s, o o) \<m& m 

»o*«SJi±E5ltt« 1 (EH) fc£<rai;t** 0 

[0 1 11] H l 3 K;fcv>T7jcAigffil KliffifcOtiB 
* f ±JIS|S t TflSap-CH 7i & j; ^ lz , Bfjtfc ft * fc- j t x * 

[0 112] -tei5i:/?-itI77V'l'X.t-?^ 2 C 
°» 7XXM5<0Ml3ftt-p, 37<?)$gti-2tLW| 
£\ a ^ > ^ h ;u ? 0)Wimt , 1 ®g=^ 0 k IH 19 

[01 13] ;;t-, 7xAE?i5<755i£l ^ 7 ^r- - 

j? ix, 3 > r h ,u * o*6*t«*»/Jx $ < JR * 4 „ 
[0 1 1 4] Hi 4 (a) Mt»»0**A-fcRi:3^ 
^^h^^OHfRSrgt-fia, Hi 4 (b) HtJlHBO** 

Ions] in (a) i:^tti5i), 3^ 30 

-&(fifi]<;^)4*f % 6° , 12° #ifir-S'JMir^i9, 
ftmj--Ctt^L*<$.*«fc|*»*4 0 cnii. 

- t 3^> y ]- , v ? o«3B*»3 ro»JB*|6j 

t-¥#Kt£*x&/.:«!>, 7+i-ASi3^y 

[0 1 1 6] 4 7t, mi 4 (b) lC7Fl-fcj3lK 

-2. <a t'^-ft-T -5> fisraj ic ^ ^ 0 zixits 40 

[0 I 1 7] ±IE7j»«bWf>3j^ J: t 

[0 1 1 S] Tiii, *AJBl50H;fr|aut£ 3 7(0« 

U»»*li, ±EOJ:-9j;, 50 



(9) 




76 

0 * a > ^ I- ;U- ? o t _ a S . tt . ^ 7 j- X1Swo 

7XA185'0&&&£ p , 3 7^ir/^ziL^ 
*#^> -ftttlCli (ft2) O^W^iilCX-t 

[oii9] (%tfe«3) ±ieitifep!i2T-ii, mmc-z 

-if a - ftR S-Kit 4 L«:36«WTItJt« 3 T-<i, 
70 37<OMJI*t4 d 1 1; «t I) 3 -r> ^ h * 5- 

[01 20] (D 1 5(i**«l«303TJB«^-rttlfl 

J 0 1 2 1 ] OH 1 5 Uiiv^T, 3 r 3 •TJ^Ii, 0 1 (; 
TK-r^JSW 1 O 3 T^-tt t it« L T, 5 5feSO/J^]i 
6 <Dffi% „ *»J»*4 < IB] t«*T*& 0 

[01 22] tsefts***:^ 3 

[0 1 2 3] El 6J±/>*o|ll!A*SE^tS*fc»*0 3 
20 ^>^h7U^^S-^L7tllT-*-i,o 

[0 1 2 4] HI 6 (a) (A'hM(OfflfttfW%.1i}X- 1 2 
0° Hi 6 (b) (i/jxttORJA^CAA-Cl 5 

0° HI 6 (c) (i/h*c7)^^^S^ftT-l 8 

0° <0«#$-/tLT^ 0 

[0 1 2 5] Hi 6 (a) IC^f t iJ I? , 3^>^h7W 
^HHC*ftA 3 6 0" UjVL6DO||OSLjft»2:ft 

m~'<- - ^M<0 7? •> U 7, * - ^ X'lt 3 7 <Dmu%. t 
[0126] itzs Hi 6 (c) <r>^m&<r>^n'ai:± 

# < L fe»*T<i, 3 ]s ;p offlg3£ «t cT-Wffi 

11016 (a) O^^-tiilJ^Lv^OO, 3^->^]> 

[0 12 7] — Hi 6 (b) <75<hffi6 « 4-^ 

% ft T- 1 5 0 * i:l fcf|r-£(i , 3 ^ > h n, 5 <r>mma s 

4 o T 1 > <£> 0 

[0 1 2 S] :«aSt:ov»T, Hi 7, 1 SrfflK 

[0 12 9] <•*■&*:#> lZ y HI 7ICi=v^T 

7lcX?e5 1 OEifiONgi S «<OS0 <5 #x.gP55-#>H86 

[0 1 3 0] Hi 7tc^L7tJ:olC7xX?S5l <7>mm® 
') *x«»**/MB 6 -j v'SE 6 — 1 ic^ L»i»« t 
7icXJS^ 1 t /hffi 6 OH^x ?s )\,*?1)*mt LH 
9 18 (a) ugrf <t T tt h 7t ^ **5fe^-f 4 , CcOv^tT^I 
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* >hm e oji vsii 6 - 1 1 mm® o 4 

i!iS2T-4f o t ft4?£l|2T-*>4 0 
[0131] C OlSM^ 6 O&ffflOi y ->'gr> 6-2ft 
, /Jx« 6 ? vSf, 6 - 2 t Jgfetfj I) »*ffi»#< 
— ?4i-^fiSc7)jirj2T-^'n <!: ft4&JB«9 h * 
4„ ?£Jf2(i, EH 8 (b ) cgtLfctiSi)*^ h*^ t 
.&*W.fti£?F*t ft 4„ CCfht 6 O0Bft £$&fct' ] 
5 0° Icf5^-t4i, --J^6cOM(|ii|<7)ji y v'SG6- 1, 
6-2 T*ffe±-t ih»» ft 4 J£ 1 ft 0 , flo^g- 

0 1- )V >? tf* -v > -fc n, £ ixi, Z t IZ «fc t) , — 30/J>ffl 6 
T-(i,.|Hl8 (c) <;jF-f J: •? U, 3%tt&jP£&(::|||t 

[0 13 2] 2 

XI 2 0° foflifc h**UJ: 

Hi S (d) (c^i-J:^|;, 6 ^Ja±<Ofig^-<7) ]- 
* * 3i J 31ix, fS*fi«> ic tig* n > y ^ ;p ^ j^gg 

01 <r>mm<0 3*f>y Y)i?im>3E.-ti,fct ft4t i *> 

[0 1 3 3] &&, _h§£*ifeM(i, 'h«6 0RAm - 
K> 'hfll<OB3^* f m^T-9 0* ,210° tLfcft^ 

(; , 'bm<r>n^- v v'T-n^-r 4 =» ^ i- ^ ? <r> 3 & 

[0 1 3 4 J ££, _tlE*ifc«W\ 'hM<omfti!> s l 5 0 

0 T=i¥>yh)i>?tfm'Mztj:2,zt imLtzA^ 15 

0° *"b^Sd s *4SSfj^L7tJf^t'#x.4i:, /Jsffi 
^F^^5r^^r-1 4 0° i/c(il6 0° UtSt 
li, 'hfC»£t43¥>/h*^«)3*«»U5 0% 
Bfe*Sit, /.Mb«>Mft&raA?l 4 5° ifclil 5 5 30 

titftli. 7 4 %«fe*3it*#JS8 £ ft 19 , gfflti&ttfe&f* 
4£a6ic(±, /hffi-CH^i-43^>^ h^o3#:>£# 
tf® 4 fl-O 1 WTt ft 4 1 4 5 - 1 5 5 ° ICfi^fS £ 

[0135] t fc, /J>® 6 Of^^H 19 ( a ) <?> £ 7 
l^7*IJ:i)^?i>RfffMU^ *4v»liHl 
9 (b) <OXn IzmWimtZlitzWiiZ^ &4vMi, n 

'J>®6 OHA^t 9fcttSl=i£v>ftft: £ ft I), /hffi6 
4 e 

[0 13 6] ttoT^ -tttfHCIiKSa, *SaUtt|H 
^4'<'h^<OgSA4-S^.ftT-l 4 5- 1 6 0° itzliS 
5-100° $ 7tJ±2 0 5- 2 2 0° OFdjOig^Jft^Jt 
lzfS:^i-4 etui IK S*3^>i7-h;ui7)i|fig«r)255- 

01 <r>Wm<nzi^yf\. >i^at§g£L, a*f>7V)\,? 
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[0 1 3 7] L^Lft7> f <b, /hftOBBft ff * 8 5-10 

1- 20 5- 220° t L7t»6-ll, /J%ttO|»A«<lSftO 

^*n1"4 ft, t> t £ l&T f * 4 £ ft 
•I, /h»»raft«r«ftAT-l 4 5 - 1 6 0° £i-40A T 
«t OSS* Li>. 

[oi 3s] mttm 4 ) ±$mmm 3 /mbor 
> y h )i 9 i 4 * m-to 

[0139JH20 (a) 4 On 7jB#** 

i"SSiB^|lT-*4o 
[0140JH20 (a) CiSV^T. 373«Mli, 

o/j^* 6«f-/f «t« ft 4 < m t fm-c*> 4 o 

[0 14 1] ±IE*JfeP!ll T'li/M6«f7fl±, gsg 

112 0 (a) C^i-^Hte^NO/J^eotf-y-^li, ± 
ie*JS^Il i 94««v>MA3 3 0° UK^$^tv> 

[0 14 2] WTti, C<0J:^ft^«{CL/c3lEbUo^ 

r^*(zi^Bj-r4 0 

[0 14 3] 132 0 (a) OJ^Il, #x.2fi LTliU 
2 0 (b) ^^T3-l<7)ff^<7)^Sn^£, 112 0 
( c ) 0373-2 «MO»»*|A.&j5*/J 

[0 14 4] :;f, 0 2 0 (b) 1:^37 3 - 1 <7) 

K»n-^rn(=««cA-ci 5° mm.mx-\. 5° > @l 

tcfWX~$> 0, 120 (c) lC^-trJ73-2 mm 

*WUZ«ftft 1 5 ° (URttA T- 1 . 5 ° ) H L /eff^tt 
T-*4 0 

[0 14 5] -filT-Ji, ^*f> V )W<r>&.i%MM\Z'0 
^X, 121 (a), (b) , (c) 
4 0 

[ 0 1 4 6 ] m 2 1 (a) eftftff t*H 2 0 ( b ) IC^r 
t ^ 7 3 - 1 fMt 5 ^ f > y I- j- 

exifeM i -ea^/cri*, 373 - ] t-h±i-4 3 ^> ^ 

-^Ofii:/|v&f£$rT-&4 l |U$Ti(c 6 0i, oi «J Sft 
«T-6 0° (iaH*ft-C6* ) OSSIOilL^tftor^ 

4 0 373 - i eoghsaspo* r-#A4t, Tg 

55-i;ftO, H2i (a) Ofit^gr>(c^i-«toft3^> ; >- 

I 0 1 4 7 ] a 2 1 (b) (Z|HLT&£< R^r-, H 2 
0(c) 037 3-20£M£^T-f££-4-43*->*'h 
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' )i li, 12 i ( b ) 0>flUMH»<c^-t- iiio -r > ^ |. 

t 0 1 4 S ] C C 'C, 0 2 1 ( a ) 
Mt, 02 1 (b) f)3*>y|-JI,*$i!t}tRt4 

8 0° &b2>foi&t ioTv^c ttfftfrho 

[0 ] 4 9) fCT\ $£tfcffl4 «0^7 3T-%±i"^r7 
> r h ;U * O&^fi. 0 2 0 ( b ) <7)373-] <0£f 
8t8G#T-ffe£i-.&3-ir >^ h;u? 0 2 0 (c) <7>3 

r 3 - 2 o^8r>^-T-%±f -s =f > ^ I- ;u ? <7> t 

#xtl(iT^.v^T-, 021 (a) 05Sc^8rCtIH2 1 
(b) OSft&acw-g-m; h;i^£#x..2, 02 ] (c) 

mmrf'b 2 < % o , jam 4 Tt<nmzizw t^»<omm u 

[0 1 5 0] CillCi *) ? C)=i *?> f \* )U 5 

[0 15 1] fcio, ±feilife^g4T-|i, 2o«J7JW 

# <b ixt: v> li* t$> 19 jK 34@ o , < 7 > x rt^ it* - * «o# 
[0 15 2] ifc, JtfM>asHI*3-ort:_fe3 7fM** 

H2 2 (Z^-ti ^ 4n 'J€<0t:'7f^^ 
T-3 6 0" i^Jvoritt, *>4v»li, 02 3 1^ 
1\ 'Wcfvf*:, 3 6 0* iO^clv^it, /Jxffi 
3 6 0° J: O/J^So^ftt^lJig-rrrr 
02 4 U^-f, /Jv*<7)li f^Ji 3 6 0 

[0 1 5 3] fcfc, ±IEIi*^ft-C3 0° 

±1 0%eS<o|EfflTftg«rH^i-sctjcj: 
=» !• ^ 03I^D«i^ji^ 7 0 %F&* £ 

[0154] i fc, ±IEIiie:T r h & ? Ofefflrt* 

1 8 0° 2 ■omm^^^io^L^TT^iz 

*K 0 2 6 ( a ) C^-T «fc -9 ft, 3f|tt*fc 0 O'hm&tf 
3*o*&.H2 6 (b), (c) , (d) i;^tJ:i 
«rtiffi* f *5tAr-2 0° foIi-|,3 7i«ra^6 

[0 15 5] WJiilK -ttfl«>(lli7'9 ->W^*-y*» 
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ottftfrn & tfe««Mc. * r <nm-%mWiWWWH>\ Isi 

$r.*|6]lcm^^T-6 0/n 1 ±1 0 %-f-O-fh Ltcn$\ 
IZ Jr. I) =1 y ]• ;p ^ ? _ ^ ^Jlgt-^-^ - t 

[0 15 6] Jtter-JiB^L <BiWL4:^ofc3&*, 

H2 0 (a) 0 2 6 (a) iZ^tX 1 

<r>M-j*tfS 6 0° «t l}'h*<«:4J:9lCfll*-*--5. 
/0 [0 15 7] «t «)-«:Wi;»i3fflt-^0»d-, 5§M ] 

C ) tU#^i:, (ft3) 

4 e 

1 0 1 5 s ] i tz. m 2 5 ( a ) tc^t «fc iz'hm<r>m 

[0 1 5 9] ±iemte0U3i=J;U f 4T-(i. urUi 

[01 6 0] ±tmmm2X'(t. ^^^-nnteit^ 

tmt&M 3&£ if a izm L tz 3 TMVi<7>®^ TtA 
■tZ>3*f>7Y )V>,<r>\ XtiZfra limfci; ZtiT^Ztz 

[0 16 1] *A»50«*a* 

wmm*mz.x$z, 0 
40 j 0 1 6 2 ] (^mm 5 ) ±tmmm 4 x-n, nr^m 

mfmizms LT3^^ **tfc«5V(i, ttifraff^ 

[0163] 02 7 (a), (b), (c)U^t£ 
0#3lJ£f?lj5-C-(i, 37 3«ift^±, T3©U* 

[oi6 4] ±&&xzfT&m<o3Titmiim-x~. 0 

2 7 (b) iZTjk-ti. ntZ'bten&lfttfl 2®^T«^ 
T-l 5 0" T-ifcl), *IBf<Oa7?K.1^(i02 7 (c) (Z^ 

50 i-«t T<:/J>»<ogg^7jn 2i@^Tm^:ftr-2 1 o' w§ 




[0 16 5] it, ^^iHiPllSO^Tli, ±IC/hffiOiS 

J3ttoftfe*«ttf oMw 2 J: 0 *m< s itrv»« t <,» 

[0 3 6 6] **lS5W503r»«tfe^65i:(i, ±*E 

[0167] 0 2 7 ( b ) U^-T =7 T 3 co±aii <fc t>*T 
SSCOBtfli, 12 7 (d) > (e) ©373-1, 3 

- 2 ^tto,^gr,^4-4aA^^-erffi«: ? it-c.fe 19 , 0 

2 7 (c) (=9Ta7 3a4>ftfl;oj&Ka, 132 7 
( d ) , (e) 0373-1. 3-2 *>«tt<D««|«# 

[0168] s *> n*nmm 5^373 -c-ii, 

H^tSGOipgw 1 ?r4 3 asr ) <7)?s^^ r)< oil)Iw2 J: 1? an 
<HELTv>4o 'ht&OHfcj&*/|x£v»_t,- -pa 

[0 16 9]^-^, ^<7)J;-9ic. *&!<-*-« 

[0170] 1328 (a) Mt*ftiltt 5 <F> 3 703SH# 
132 8 (b) (iiteOTfcAUfiefcOaT 

[0171] 128 (a) , (b) C^fiTl;, =>T 
*£ifj£ll£l 0#l?ii, -^Ks-f ;Mj& r #IJ$ 

[0172] CCf, i28 (a) OJ»-&i, 128 
(b) 0»fi-S:Jttt-i-*tWf»^4:J:-5tc, 3 4";n? 
-> Mi £ 19 <Dfi 0 2 S (a) 0»£-0*a»tt < T 

13 2 8 ( a ) 04&^o**t3 ^ ;u jfij/t<offi* f fi < 4 0 , 
nwmmtfft < %> o i fc, n ;u 4 

* f > T^ff^tK t 19 , 3 T J. V ->'SP«- J&»*4 J±Jj !) ? 6* 

jSfr{::#ffc$ix4fc*>, 13 2 S (b) W^J: 19 4»v»$g 

< Lt, ff,C3-f ;w«#§jitrd ttcj: 0, -at* 
- ? OflMX*b$ & |6j±t- # 4 „ 

[0 1 7 3] ($ffcft6) ±ie3fejfeffi|4, 5fli, 3 7 

£ 1 ?o*fi*<:i)»/jNtan t-a-f*awn*3 7 

»= i 19 , t- h U-a t 3 *f> y Y A- # 4 e 

[0 1 7 4 ] 132 9 (a) (i#3gftf?0 6 co 3 7ff£|*t* 

[0175] 13 2 9 (a) U^i" £ I) , #Hfi!s15|<7) 3 
7T-J4, ']>t«f7f*«l^f3 1 5° n^It, /Jv 
tt*>try*jJffcfcfcT3 4 5° *>£«i**&2US*l)jg 
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[0 17 6] Zmmit. Ill 2 9 (b) , ( C ) , 

(d) , ( e ) izm-r^^nx- 1 5° -fo&tHcog&4 

I0177] cwiii;, a^^-^-ti-^^f^ofc^ 

4 , 5 T'tiEfc* LttHlft*? 3 *-> |. * ? o 
2 -£/&5H£ $ fj C^^co =3 ¥ > y h )U ? zr-* ^ > -k >l 

JO [0 17 8] -tefi?)UI±, 3ffl«;i<7>*-5'OJ§£, 1 
T-6 0/N- ± 1 0%fof^LtNi^)n7i«ft 

zmmi&z-£fr-ittzmmzmi£ir2 > z t izx 0 , 3^> 

[01 79] (S*ffii?U 7 ) *|lEJfcff!l 7 T*J±±IEHttfJ!| 3 

l 3 7f« «r a* & te-ti:Tf*a-r 4 «• 

a***?*, $ <b u-a t3f>^|, ; ^ # * 

[0 1 S 0] [33 0 (a) H*Umm7<7)aTfWi:m 
[0 1 8 1] 03 0 (a) U^i-ti5«9, *||J£ffi|03 

ktt, #'M6omAATOfi 5 0° 

[0 1 S 2] :037Mii, 03 0(b), (c) , 
(d) (C^-Tfi^g^^r- 1 0" fofii^3o?)3 

[01S3] :il^3o<0373-l, 3-2, 3-3 
<09f^li, ±fg^J£^J 3 -C-TjiLfz^m^m^^m^X' 

1 5 0° lCS££$ftTt>4?F£l*T-*,4o 

[01 84] ^^Jij^lJ 7(0373«3f>yf;^ fftj^ 
JgSUo^T, 0 3 1 iffii'THSt*. 

[0185] 300373 - 1 , 3 -2, 3 - 3 nmt 
ityt.*£&<omnwi 5 0° T-*4C tCi 19, 031 

(a) , (b) , ( c ) nnt&XTji-i- 1 is 0, 3+->^- 
h^^<7)^^2)»:3 4 : ">^h;p^^o2^-<^)l of] 
0 Ifl («4jc^ 30* mm) iffi^li t iifc a 
^h^?r^i-4o 

[0 1 86] fLT, -itf>3o0 3 7jBttlitfcffljOTK 

b 3 7B-19< $r 3 fl-o 1 L , ^HiteCT 7^37 

ff^<0 3 if > ^ j. a, ^ (i % 3 + - > ^ h ^ ^ jfttj3]E v s j . + 

\>±>\>$i\mz \ (d) (=JP"tJ:^»c«(it*«U/j, 
$ <, Mimi>7z<7)-mi<D 3 5t<r> 1 UT(^S)tSi:i-oTi-' 

[ 0 1 S 7 ] Z<D£ n C, 7C^ 3*-> ^- |x 

< , 3 af > ? \. }X , t <7)®wvm^mmm 3037 am. * 



# 

23 

' t Lxw-mtz z t iz 1 19 , ±$mmm 4 , 5 

0 , 4- a -1' > y I- ;p * fiMtt* **f» c» it 4 . 

[o] 8 81 -ttWuii*-*a«3tt«a-eAiK 

4 5° - ] 6 0- T-*4S$i«jA-x 
tLT, @<g^f6](CSiKft-C3 0/n' ±1 0 %-fo-f 

[01 S 9 ] S <bU, HI 3 0 ( a ) T-^LtJ;^ ft, /J, 
toe7fj5'S^T3 6 0' «fc 0^?v>Jf^(c^-t 

[0 19 0] ^X±.^Mmi frh 7tCJ:ittf, 7-5->^ 
* ^>flJffl[^Sr^*«0 2 1S=Ji±Ul6]±i-^ c t ^oj 

*>*vwi, ?M*«!:(b]— "M'X^n, **Bfc(tsa 
T y y^-BT^ t ft f) , * £1$^ L*:«SO«liB*|^ 

[0 1 9 1] ^#§^0^5 y^t-?^ 

[0 19 2] ttz, *^75->U*-^0Af 
iff. **t8S*Ott»aR^«ffl-*-4Cttzj:ij, R— * 

f x-e t # ft * - * s-jtflt-c § % asot-fxt* 

# < c t ft < «S<D^iSft s »«ttft«ilA-C« 
[0 19 3] *M9i?)77v^t-^D.t:? 
|S|— >M X % mftT-^ft^ft^-^ftftt-ee, g£ 

.t-Hc-f&c t^Jifeift*. 
[0 19 4] i 

wfca*-c&*. i£, ^at?t+55-ftai^S:|#4 - t# 
[0 19 5] 
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[0 19 6] 
[Urawfismftl^] 

[Hi ] *#§Woiliifcfc| i i:uy7->ux*-^]g 
S£9§0 

[S3] fi£*fflr5->^*-*o«»Ett««£ji;+ 

[U4] 2j=f§^O^JStW 1 l:j:4#r5^UX*-?o 
.fc«S£jj^-0 

[0 5] *&HO«tfcfflll ICi-ST-vvUX^-^Oje 
[0 6] *%93O$jfc0ll *cj:43jcAB50«*i*^ 

[08] l fCt-i.^-^T^^^ hitt 

[Hi 0] *H^O*Jfe0!ll J=J:*»5Jttf#»tffl-r^* 

[mil] *«n«)jtttff] i:ui5ifta*a7y 
30 * y \-fc<r>m®.n*m-rm 

[012] *^O^Sb^i \ztil>l— v-fiM-r 
[013] *«WO|tifc«2(=J:4 7'9->b^*-^w 

[014] *»EO*fcfl2KJ:*3»K** a .-fc0ei 
■=t-5'#1±<OBa««:^Lfc0 

(a) ^^'syYMZffi-tm 

(b) ^#m^^^-r0 

[01 5] *«W^**ffl|3i:j:4r5yP^*-^<o 

[016] **Wo*ifcW3»:Uit*3^>yh*^jft 
l**r^t/i0 

( a ) /J>ffi<0^^^S^^ T-12 0* O^^^yi-;^ 

(b) /httORA^VAA-r] 5 0* 

(c) /J^ttOBflA^mftA-Cl 8 0" 
Of^Br^-f 0 

[017] *«W0«*«3(:*(t*/M|-e03^>y 
0 h;U *^±^7Tl-IS.^[l 
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(14) 
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< a ) /Jmssx 7 ->•» e - 1 -e»±+ a h * * & 

H 

( b ) /Jx«jl y vffl> 6-2 1- * * foBZmt 

m 

(c) (a) , (b) co£-lS;h/l.?jftj|2£jjrf|g 

(d) Y )\<*TttLf}*7n-tm 

? <o n Tj&m & m-tm^mm 

(b) /Mft3fc*UflBJRi) frRltfcarXHftfcJK-fB 
[a 2 0] (a) 3(:«q|«>||ttfl|4 \z*hf9*sl>x* 

(b) *^Ste«4l:j;477-/l/^*-^37 

(c) *HWO^I?!l4 i:j:4 77 

•tm 

(b) 373-2tMt43f>/hA^Si^ 

(c) **i&0NcO3Tco3^>^-)>;u^^Br^i-|2i 

[02 2] ( a ) *#§BJco^#lj4 UJ^glJcor^vU 
X - * CO 3 r Jf£j£ £ TjRi-Ife^ H 

(b) *|g?gcO^J|^!l4 (-iaglJcor^vW^-t-^cO 
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7, - 9 co rj 7 7B4fe £ ^1" 8*9] HI 
(b) W^co^M 4 UJ-.^giJcorvi-U^-^co 

(d) *%9ie)£%0i4 iciasuo-r^xw^^-^o 

( a ) JEM0 

(b) x-x' dS-t^'z-z' HTriS0 

( C ) y - y * ItffTUlHl 

(d) % (e) mif^TWrtkKTfi-tm 

[02 8] *«WO*»«5JCj:*3 7*ffiOlBflB*tt 
*£Jt«L7i0 

( a ) *9kmm<r>mmmK*7f:t® 

(b) «*cOffifMfitt^^-tH 

[02 9] (a) *&W<7>nnW6izJ:2 > 77i,i,x*; 
20 (b) *«WO*tt«6lCJ:*r5->U**.-*03T 

J&R4r^1-|iiiJiei 

(d) *«Wo*ltW6i:J:47?->uxt-*«)37 
ff^*£jjrtl&HJ30 

(e) *%B^co^JS<5S6ICJ:^,r5->UX^-^corJ7 
[03 0] (a) *5SW0St*fc«7t=J:*y5vlxx* 



[02 3 J (a) *^OHJ£^4 (Ci^gljor^vW 
[02 4] ( a ) *&W<OnmM4{Z£Z>%\]<r>77i,i, 



(a) ^73-lT-Mn3^>^h;^OrSff^ 
-TBI 



(c) *%Bo£ffcffl4 (Zi^glJcorvv-U^^E-^co 
n7f^$r^i-|ftB^il 

[ m 2 5 ] ( a ) *«n«>gtjt0i nznz guor^ >• u 
x * - ? co a 7 ff^-tt i'7jki-m.mm 
<b) *%Hogtt0i4 t=j:*aior7->wx*-^o 

(c) ^§tm<nmmm4 izi <7 



102 61 <■> *«*«*«M4ICj:4Wor5->U 50 (a)«*nifflffH 



1-0 

(c) 373-3T-Mt43^>^h*^^f 
1-0 

[0 3 2 J ftifcco 7 7 v V- 7. * - ? co«^i r^1-@ 

(a) iiJi;£|S||iinii0 

(b) WSS^lpjKlflSIl 

[03 3] VL*<7>HBMZt- v\i>r*- 9 offifei-m 
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(15) 
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Mb) ttfiffi^jiSjIflrnfiH 
1113 4 ] Sfcff«ffrO340*x * fcT>^- *&*"tBI 

( a ) sffio 3 in* x -v e > - ^ oasiiainfli 

HI 

fc) fiE*cOHBffl7>x*v I: >^^C-- ^con-^tS?i@ 
1 7%M&E 

3,3-1,3-2,3-3.3-4 =? T 



4 3 >f ^ 

5 , 5 - 3 , 5-2, 5-3, 5-4, 5-5, 5-6 

mm 

6 'MB 

7 , 7 - ] , 7 - 2 Jgifc 
l 1 ElteT-f*^ 

70 12 *>t7 h 
1 3 



[HI] 



IH2] 



[13] 
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BI3 




o. efft 




O. -ofS 


a*OU*->» t 


1. OfS 


1. Ote 


t. oe 




20tt 
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zom 




effi 


e» 




=>-outett r 


1. 25fS 


V Ofg 


A. Ofg 


r, 


3. 2fS 


1. Ofg 


1.55fg 



[07] 



[mi 3] 



[me] 
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<c> 




(d) 

^ ' ■ 

# 0 00 ISO 



7D> Y^-is<Dffi.h 

(51)lnt.CI. 7 mUZ^r FI 7-73-K (##) 

// HO 2K 1/16 H0 2K 1/16 C 

F * - A (##) 5H002 AA03 AA09 AE07 

5H019 AA03 CC04 DD01 EE01 EE04 
5H621 AA02 BB07 GA01 GA04 GA14 

GA17 GB08 HH01 PP10 
5H622 AA02 CA01 CA05 CA10 DD02 
QB01 
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